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ABSTRACT 

In the arid and semiarid regions, water stress mainly affects the growth, yield and secondary metabolit production of 
oregano. In order to determine the effect water stress on growth, physiological and phytochemicals characteristic of 
American oregano (Origanum vulgare L.), a greenhouse study based on a completely randomized design (CRD) with four 
treatments and three replications was performed. The plants, were subjected to four water stress conditions, including no 
water stress (field moisture capacity), mild (75 % FMC), moderate (55 % FMC) and sever water stress (35 % FMC). The 
results showed that the plant height, dry matter yield, the ratio of inflorescence weight/stem, chlorophyll index and relative 
water content were reduced under water stress. The highest essential oil content (1.15 %) was observed under mild water 
stress. Also, mild water stress significantly decreased the chlorophyll fluorescence parameters (Y(NO) and Fv) in compared 
with moderate and severe water stress. Analysis of the essential oil components demonstrated that in all treatements, 
sabinene, (Z)-β-ocimene, (E)-β-ocimene, (E)-caryophyllene, germacrene D and γ-terpinene were the major components. The 
highest amount of γ-terpinene (16.79 %) and (E)-caryophyllene (9.92 %) were observed in mild water stress which 
increased by 344.1 % and 14.28 % compared with control, respectively. Based on the obtained results, mild water stress 
significantly ameliorate the quality and quantity of oregano.  
 
Keywords: Chlorophyll fluorescence, drought stress, essential oil content, oregano. 
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2"1��0& 2��
 ,-�.�/01 �r&�+\ )Maximum 

fluorescence- Fm�( ,-�.�/01 2@�+\ )Minimum 

fluorescence- F0�( ,-�.�/01 �"DK� )Variable 

fluorescence- Fv�( �r&�+\ �9���& ��/K-�/& 

%K]"./K1 ɪɪ )Maximum photochemical quantum 

yield of photosystem II- Fv/Fm�( ?"H�R1 ,�0v	& 

79IC! A+$$& M' 7���/$8 A+$�� ���K�H� %K]"./K1 

ɪɪ )Water degradation complex- Fv/F0�( �9���& 

��/K-�/& �"b �9�"	"
/K1 %"f$! A+6- %K]"./K1 ɪɪ 

)Quantum yield of non-regulated non-

photochemical- Y(NO)( � �9���& ��/K-�/& 

�9�"	"
/K1 � }� %K]"./K1Effective photochemical 

quantum yield of photosystem II- Y(II)) II ( �� A��EK.� :� 

A�BK.� �K���/01 X+� )PAM 2500-WALZ, 

Germany( :� ;9�)' P��*�� 7R./! 7K1�9 �� ?H�\ 

�9�$
�� ��+� �� �f- ;K1�> ��9��! ��/� #C$. ���@ 

?1�> )Klughammer & Schreiber, 2008.(   

  

�����#$ %�	�"�& ����
  

���* �.�$
�9 &�!"3�4 ,-�.� :� A�BK.� 1��>/!����&� 

:�>* 2WK� A+
 7� n"m C$.� ��O� )GC-MS( 

X+� Agilent 5977A ?)�. �/6& ��'9��� �� �/K. 

HP-5 MS )5 +F�� $1"2 K�"2 0i� ."���]&/0 7� 

X/n 30 ��K� �<@ 0)��� 25/0 �"0� �K� � ?��Uc A��� 

My�O 25/0 �"�K����( A��EK.� +
. �� 7��-���9I* 

����9 ���' �+K�� ��� �� ��8 5 @�"7d 7� 60 7O�� 

K-�.����> .�"A+ ,v. 7��+!9w ��� �� ?8�. 3 7O�� 

K-�.����> �� @�"7d �I1�9# 9?1� �! 7� ���* 240 7O�� 

K-�.����> .�"+. +R� :� �' 7� 3+� 20 @�"7d �� �9; 

��� 7B-���* +
. 0�"Z/ 7���/$8 :�> 2��\ �� ?8�. 

�O9�� 9^ �"0�H"�K �� @�"7d A��EK.� .+
 G�KH� 

9-/".�I"�/ 70 ���K�H� �?H� _�� 9-/".�I"�/ EI � 

���* 9-/".�I"�/ 220 7O�� K-�.� ���> .�/� 7fE=� 

�I!9q �� ?H�\ ]d!"% ?4]-) ]d!"% 1:30( f$!"% A+
 

�/� � A��+=� MNO ��O� :� 40 �!  m/z 400 .�/� 7� 

�/f$� 74.�=� ()�
 ���:��* i"^��� n/0U�� :� 

�";��&��+��* H'"!�E"^ )C8-C40( ?=! ��
9T 

0=!"0� j�� 7� 2)�� ."%K] GC �I!9q .+
 Z�- ��I1� 

��/� A��EK.� Chemstation .�/� 74.�=� � �.�$
�9 

&�!"3�4 ,-�.� 7� ^	& ()�
��* ���:��* <)� 

�' �� � �d�97]* �' �� ()�
��* �/O/� �� M�K& 

`O�� )Adams, 2007( � �� A��EK.� :� n"m��* ��O� 

&�!"3�4 ���+-�K.� � A��EK.� :� 3�8Yn� �/O/� �� 

7-�U��K&* v��&"�!/* 3�/F .?1�> ���* :�.�+O* 
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&�!"3�4 :� A�BK.� 1��>/!����&� :�>* X+� Agilent 

7990B ?)�. �/6& ��'9�� �� :�.���
' 9-/".�I"�/ 

70R
�* )FID( � �/K. VF-5MS A��EK.� .+
 ���* 

�I!9q � :�.���
' 7�!�!"l ��* 230 � 240 K-�.����> 

f$!"% A+
 +-�/�. :�> 0�"Z/ �� ?8�. �O9�� 9^ 

�"0� H"�K �� @�"7d � ?4]- ]d!"% 1:24 A��EK.� A+
 

.�/� 7-/	-��* ,-�.� 7� ?4]- 1:100 �� ��IB� 

@�"q :�.* � 7� �"��I 1 �"H���"�K �I!9q +-+
. 	&� 

���& &�!"3�4 ,-�.� �� A��EK.� :� X���-:�.* p<. 

i"^ � ��+� A��EK.� :� ��c9l sYF� Z�C-� +
 

)Morshedloo et al., 2018c.( �� �
-9? +R� :� 	n�"��$ 

:� X���- ��/� A��� ��� IC!97 ���9,-� �� lH�@ s�n hY��& 

�1��W! �� A��EK.� :� Z�- ��I1� ���'* SAS 7U]- 3/9 

Z�C-� .+
 ;"$S	� *��� 7]9�d� ;"B-�"� �� :� �/�:' 

;�-�� �� p<. X�	K\� w$i +F�� � *��� %.� �����/	- 

:� Z�- ��I1� Excel A��EK.� .+
  

  

<%�4� � =,�  

'�(&�
 �&��  

� � #$! %&��' �� Q�E!�� 7!/� �� p<. X�	K\� ^9 

+F�� �$R���� +
 X�+O) 1.( ;9�K6"� )16/47 

�K-�.(�K� � ;9�K	& )33/28 �K-�.(�K� ��I"� Q�E!�� 

7!/� 7� l"!�! �� *��"�' X���- � #$! +9+
 ?.+� 

.+�' �;"$S	� #$! +9+
 �C$� 7� #��& 9/39 

+F�� Q�E!�� 7!/� ?4]- 7� *��"�' X���- +9��> 

X�+O) 2.( Q�E!�� A�"> 7� ��/$8 ��9 :� ()�
*�� 

%
� �*+
� *��� ��6- ���� +
� X/W=� � MNO 

�G��K"- �� 70\�� +
� �69�� A�"> M�]=� ��+9' � 

��9 :� 3�EF �	
� ��+
�� 7& ���0	8 X/W=� �� 

?=! �" J! ���@ ��+�� )Jiang et al., 2020.( #$! 

%& ��' �� #��& ,-�.G/! �H/0. � ?R-�	� :� +
� � 

�/	- %"]d! � 29/n �+
 X/0.�� L8�� #��& +
� 

�H/n ?	]@*�� �9�/� A�"> +��/) .+
  �� #$! 

%&���' ?9�+� 7-:��*� �� � � #9�I1� ?���d� �� ����� 

��6K-� :�> ;��& *� +"]&� 2"H+� ��
� ?"H�R1 

�/�]"��� #��& 7K1�9 7& ;9� ��� ��+-�/! �C$� 7� 

#9�I1� 2"]-�Ki M' A�"> �/
 )Varma et al., 2018.( �� 

�6��ki �� �.��� s/<. m0KU� #$! %&��' *�� 

;69�' �9�-� )Thymus daenensis( _��I> +-��& 7& 

�� #9�I1� s/<. #$! %&���' Q�E!�� 7!/� #��& .?1�9 

7�9�/<� ;9�K6"� � ;9�K	& Q�E!�� 7!/� 7� l"!�! �� 

*��"�' X���- � #$! +9+
 ?.+� .+�' ;"$S	� *��"�' 

X���- �C$� 7� #9�I1� 9/32 +F�� Q�E!�� 7!/� ?4]- 7� 

+��
 +9��> )Bahreininejad et al., 2013.(  

  

����& � )�* ����  

w9�K- 79IC! ,-�9��� ��6- ��� 7& � � #$! %&��' �� 

p<. X�	K\� ^9 +F�� �� �:� �! � ^6) 

_/C-:�� �$R���� +9��> X�+O) 1.( �� #9�I1� #$! 

%&���' �:� �! #��& ?1�9 7�9�/<� #$! +9+
 

�C$� 7� #��& 54/39 *+F�� �:��! ?4]- 7� 

+��
 .+9��> ;"$S	� �:� ^6) A�"> �� #$!*�� 

�%9Y� T./K� � +9+
 7� l"!�! 6/6� 6/13 � 1/37 

+F�� ?4]- 7� +��
 #��& ?1�9 X�+O) 2.( �� 

7O/! 7� ?9��+=� �>+-��� �� *���/6& 7-�"����) :� 

70	O ����9� +"H/! _/C-:�� �� 7O/! 7� T9��
 

��6) 7� 3+
 ��+=� A+
 ?.� )Morshedloo et 

al., 2017b.( #��& �� ���0	8 �:� �! � ^6) �� 

#9�I1� #$! %&��' ;�	� ?.� H+�"2 WU!"( 

O�!"=� � �"�K6 ��/� 7� �976�� 2"H+� ��+=� �+
 

?�/n� �� x�) � 9� #��& �/K=�* 1��0&"2 � �� 

K-"7C #��& ���&�9 IK$./K1* +
�� ) .,al et Govahi

2015.( �� � � #$! %& ��' A�"> �� ;K]� 7-:���� �R. 

�� 7� 2@�+\ �+-�.� ��R! 7K
�� � ;"	� ��� L8�� 

#��& 3j��4! *:�> A+
 � *� +"]&� ;��& *���� 

#��& 7K1�9 �H� �k"]&� #9�I1� ��+��9 7& lO/� 

#��& ?"H�R1 �-/".Y"]&/��& %9I-' :/H/49� 1�5 -

��3�E]1 /:Y"]&/��& :�-k"]&� (/�]"���) �����> � 

�� ?9�
- L8�� #��& +"H/! A��� ^6) +��/) +
 

)Madhava et al., 2006.( ;"$S	� #9�I1� A��� 

^6) *+"H/! �� T9��
 *��"�' M/0<� ��+-�/! 

2"H+� _�K]> �K6"� p<. P�� � I"- Z��� p<. 

P�� +
�� 7& �� ��C9� `4$� ��9G/H/"� +�'��& *��� 

A��EK.� �� 7g �K6"� :� �/- �K1�9�� L8�� #9�I1� 

+"H/! A��� ^6) +��/) +
 )Amani Machiani et 

al., 2021; Ahmadi et al., 2021.(   
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X�+O 1 .w9�K- 79IC! ,-�9��� � � #$! %&��' �� 3�EF �*+
� ��9G/H/9I"1 � +F�� ,-�.� _/C-:�� �9��9��'.  
Table 1. Results of variance analysis effect of water stress on growth, physiological traits and essential oil content of 

American oregano. 
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Source of variation df 
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Water stress 3 189.40** 534.12** 88.95** 20.91** 93.21** 64.24** 0.402** 
Erorr 8 0.68 6.41 1.91 1.001 3.49 1.8 0.03 
Coefficient of variation (%)  2.22 3.78 4.79 17.53 5.13 2.34 27.33 

** � ns: 7� l"!�!  3��E!�$R� ��� �� p<. 1 � �/4- 3��E! �$R� .���                  
 **, ns: Significantly difference at 1% level of probability and non-significantly difference, respectively. 

  

X�+O 2 .7]9�d� ;"B-�"� � � #$! %&��' �� 3�EF �*+
� ��9G/H/9I"1 � +F�� ,-�.� _/C-:�� �9��9��'.  
Table 2. Means comparison effect of water stress on growth, physiological traits and essential oil content of 

Origanum vulgare subsp. vulgare 
Growth and biochemistry traits 

W
at

er
 s

tr
es

s 

P
la

nt
 h

ei
gh

t 
(c

m
) 

F
re

sh
 w

ei
gh

t 
(g

 p
er

 
po

t)
 

D
ry

 w
ei

gh
t  

(g
 p

er
 p

ot
) 

In
fl

or
es

ce
nc

e 
w

ei
gh

t/
st

em
  

(g
 p

er
 p

ot
) 

C
hl

or
op

hy
ll

 in
de

x 

R
el

at
iv

e 
w

at
er

 
co

nt
en

t 
(%

) 

es
se

nt
ia

l o
il

 c
on

te
nt

 
(%

) 

I1 47.16a 81.33a 33.7a 8.66a 42.26a 62.78a 0.7b 
I2 39b 70.26b 31.46ab 6.9a 39.3a 58.53b 1.15a 
I3 34.33c 66.86b 29.1b 4.66b 34.6b 55.94c 0.46bc 
I4 28.33d 49.16c 21.2c 2.6c 29.53c 51.74d 0.3c 

I1: +��
 ?"1�t) �(�8��: I2: #$!%&��' %9Y� )75 +F�� ?"1�t �(�8��: I3: #$! %&��' T./K� )55 +F�� ?"1�t (�8��: � I4: #$!%&��' +9+
 )35 

+F�� ?"1�t .(�8��:  

;"B-�"� �/K. �� ���$R� 3��E! +F�� w$i X�	K\� p<. �� ;�-�� �/�:' a�.��� �+$K]� x�K6� V��\ *���� 7& �9�����+- *���.  

I1: Control (Field moisture capacity), I2: Mild water stress (75% Field moisture capacity), I3: Moderate water stress (55% Field moisture capacity), I4: 
Severe water stress (35% Field moisture capacity). 
Means in each column followed by similar letter(s) are not significantly difference at 5% probability level using Duncan test. 

   

 X�	8� �� �6��ki ��%& #$! A�"> *�� ��'

) /4
���� �9����Dracocephalum moldavica L.( 

 #$! 7& +-��& _��I>%&  �Q�E!�� #��& lO/� ��'

 +��
 7� ?4]- ,-�.� ���0	8 � �9�/� Z�+-� ���0	8

) +9��>Safikhani et al., 2007 .( ����:'96�  �B9�

7� 7&  �.��� �/f$� J!"� #$!%&�'�  �+
� �� +F��

 �&�!"43� 
"	"��9  7-/> �� ,-�.�) ��=9�Ocimum 

sp. 7& +
 (U6� �+
 Z�C-� (�:��!�  ^6) Q�E!�� �

>"���� 7�2��@ �/n 
O/!�  J! ?=!"� #$!%&�'� 

?1�> ���@ )Khalid, 2006(.  

  

+	,� ��� -�� � !� ./�0 �� �1��  

w9�K- 79IC! ,-�9��� ��6- ��� 7& ?4]- ��:� P�� � 

2>;9y' 7� 7@�. ?=! �" J! �$R���� � � #$! %&��' �� 

p<. X�	K\� ^9 +F�� ���@ ?1�> X�+O) 1.( �� 7O/! 

7� X�W=K.� ,-�.� :� #U� *�� m0KU� ����"> ��9���� 

?4]- �:� P�� � 2> 'y;9 7� 7@�. ��9 :� ()�
*�� 

%
� �� ����"> �9���� M/]=� �� .�/
 �� #9�I1� #$! 

%&��' ?4]- �:� ^6) P�� � 2>;9y' 7� 7@�. 

#��& ?1�9 7�9�/<� ;9�K6"� )66/8 Z�> �� (��+0> � 

;9�K	& )6/2 Z�> �� (��+0> ��I"� �' 7� l"!�! �� 

*��"�' X���- � #$! +9+
 ?.+� +�' X�+O) 2.( :� 

 7& �9�C-';9�K6"� ,-�.� _/C-:�� �� 2> ;9y' � 

P�� ��+
�� �� ��/! ��
t� ?
�� 7& �� �+dg ;9� 

?4]- �K6"� ��/
 ��I"� ,-�.� *+"H/! �K6"� +��/) 

+
 )Morshedloo et al., 2018b(. #$! %&��' _�K]> 

769� �� � JK� +��/) .?)�. hj�	K\� ?4]- �:� ^6) 

769� 7� Z�+-�*�� �9�/� :� q9�n X��R! ;"� MNO M' 
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T./! 769� � Z�C-� IK$./K1 7� 70".� Z�+-�*�� �9�/� 

X�K$& ��.�/
 7R./! Z�+-�*�� �9�/� �! �K@� 7���� 

+��/) ?1�9 7& MNO M' T./! 769� Z�C-� .�/
 �� � � 

#$! ��6) 7R./! P�� � IK$./K1 #��& +��/) ?1�9 

� �� 7C"K- ��/� *IK$./K1 *�K	& 7� 769� X�dK-� 

+��/) ?1�9 � �� #9�I1� ��6) x/- 769� ,-�.G�/! 

�/) �� :� ?.� +��/) ��� )Taiz & Zeiger, 2002.( �� 

�6��ki �� ���9:�� ���9G/H/9I"1 �9�"	"
/K"1 ,-�.� �� 

_/C-:��*�� ��/� ���9� ?=! #$! %& ��' _��I> 

+-��& 7& �� #9�I1� �#$! ?4]- �:� P�� � 2> ';9y 7� 

7@�. #��& ?1�9 7�9�/<� ;9�K6"� � ;9�K	& ��I"� 

;9� ?4]- 7� l"!�! �� *��"�' X���- � #$! +9+
 

?.+� +�' )Morshedloo, 2016.( �� 7RH�<�*� �B9� 

#$! %&��' ��+R! 7)�
  �� �7!/� 2> �� 7!/� � X/n 

�i97 �� A�"> 7-/��� )Matricaria chamomilla( �� 

#��& ��� )2008 .,al et Razmjoo.( ;"$S	� #��& 

�:�^6) �� ?	]@ �9�/� �� ����"> Q�$R- � 

*���:� )Mentha spicata, Rosmarinus officinalis( 

?=! �" J! s/<.  m0KU� #$! %&��' _��I> A+
 

?.� )Delfine et al., 2005.(   

  

2*�$ !� ���"  

� � #$! %&��' �� ()�
 2"1��0& �� p<. X�	K\� 

^9 +F�� �$R���� +9��> X�+O) 1.( ;9�K6"� ��I"� 

()�
 2"1��0& )26/42( �� *��"�' X���- ?.+� +�' 

7& 3��E! �$R�*��� �� #$! %9Y� .?
�+- *��"�' X���- 

7� l"!�! �C$� 7� #9�I1� 53/7� 1/22 � 1/43 *+F�� 

()�
 2"1��0& ?4]- 7�  #$! �%9Y� T./K� � +9+
 

+9��> X�+O) 2.( #��& �"��I 1��0&"2 �� ��
9T 

#$! %&��' hj/	R� 
�-� :� +"H/! Q�/-� 7-/> *�� X�R1 

�k"]&� )Reactive oxygen species- ROS( ��+
�� 

7& lO/� .'"l 7� ��K)�. ��0&Yi?. � #��& 

7-�+B-� ��* IK$./K1*� �U!9l i"# :�. 1��0&2" � 

]&�".�+"�/ 1��0&"2 ���/
 7& �� ?9�
- �C$� 7� ��
� 

�"IK$./ 1��0&"2 +��/) +
 )Kabiri et al., 2014.( ?08 

�0F� #��& ��I"� 2"1��0& ?=! T9��
 ��6) �+9+
 

#9�I1� ?"H�R1 %9I-' :Y"1��0& � :�+"]&��i A�/� 7& 

L8�� XYK)� �� IK$./"� 2"1��0& ���/
 

)Abaaszsadeh et al., 2007.( �� �r&� 7-/> ��* >"���� 

#$! %&�'� L8�� #��& p<. 1��0&"2 �� �/
 

)Pirzad et al., 2011; Liu et al., 2011.( ;"$S	� 

#��& *�/K=� 2"1��0& �� ����"> �9���� �/S	� 

��"-: )Trachyspermum Ammi( )Azhar et al., 2011( 

� Q�$R- �$i�G )Mentha arvensis L.( )Misra & 

Srivastava, 2000( � 7-/��� )Pirzad et al., 2011( I"- 

_��I> A+
 ?.� 7& �� w9�K- #��ki �c�\ ?d��<� 

.���� �� �6��ki �� �.��� �" �! #$! ��6) �� 3�EF 

^9G/H/9I"1 79/4C-���� )Melissa officinalis L.( _��I> 

+-��& 7& ;9�K6"� ��I"� 2"1��0& a � b � ;"$S	� 

2"1��0& 2& 7� l"!�! u/��� 7� *����	"! +��
 � 20 

+F�� ?"1�t �8��: �/� )Abbaszadeh et al., 2007.(    

  

�
�345 �	,� 6. -��  

w9�K- 79IC! ,-�9��� ��6- ��� 7& � � #$! %&��' �� 

*�/K=� �4]- M' P�� �� p<. X�	K\� ^9 +F�� 

�$R���� +9��> X�+O) 1.( �� #9�I1� s/<. #$! %& -

���' *�/K=� �4]- M' P�� #��& ?1�9 7�9�/<� 

;9�K6"� )78/62 (+F�� � ;9�K	& )74/51 (+F�� 

��I"� �' 7� l"!�! �� *��"�' X���- � #$! +9+
 ?.+� 

+�' X�+O) 2(. *�/K=� �4]- M' P�� %
��!9; 2��8 

Z��+! +
� >"A� � �I1�9# ?���d� >"���� �� ����� #$! 

%&��' ��+
�� )Mohammadi et al., 2019.( *�/K=� 

�4]- M' P�� 7���/$8 ()�
 	
�� :� Rc�"? M' 

>"A� �� �f- 7K1�> �� �/
 7& �"�B-� X��R! �"; M' 

MNO A+
 T./! >"A� � �"��I ��R! �' .?.� >"-���� 

7& *�/K=� �4]- M' �!j��* +-��� �� ����� #$! 

��6) Z��d� ��+$
�� ) Chaitanya, & Prathyusha

2019(. *�/K=� �4]- M' �A�"> 7� ?"Rc� ��I"� M' �� 

X/0.*�� ���"> Ak9/� �� T9��
 #$! A��
� .���� 

�/K=�* 4]-� M' P�� �� ����"> 7� %C\ X/0.*�� 

���"> � ;"$S	� X��R! ;"� ��I"� M' MNO A+
 

T./! 769� � ��I"� M' ��R! 7K1�9 T./! A�"> �BK]� 

.���� �;9����$� #��& ��I"� �/K=�* 4]-� M' P�� �� 

#9I1� p<. #$! ��6) �� ����/! 7� #��& MNO 

M' T./! 769� � :� �1�n #9�I1� ��R! A�"> ?4]- ��� 

)Kamanga et al., 2018.( �� �6��ki *�� Q�$R- �0E01 
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)Mentha piperita L.( (U6� +9��> 7& �� #9�I1� 

#$! %&��' *�/K=� �4]- M' P�� #��& ?1�9 

7�9�/<� ;9�K6"� )92 (+F�� � ;9�K	& )64 (+F�� 

��I"� �' 7� l"!�! �� *��"�' X���- � #$! +9+
 ?.+� 

+�' )Saedi et al., 2020.(  

  

�7�8 ����
   

w9�K- 79IC! ,-�9��� ��6- ��� 7& +F�� ,-�.� ?=! 

�" J! �$R���� #$! %&��' �� p<. X�	K\� ^9 +F�� 

���@ ?1�> X�+O) 1.( ;9�K6"� )15/1 (+F�� � ;9�K	& 

)3/0 (+F�� ��I"� +F�� ,-�.� 7� l"!�! �� #$! 

%9Y� � +9+
 ?.+� +�' X�+O) 2(. �� T9��
 #$! 

��6) �� #��& 2"]-�Ki M' �P�� 7-:���� 7K]� A+
 � 

X�4-+� �' ��R! #��& ��.+��9 �� 7C"K- ;9� ��E!� �� %& 

�+
 ?f0b ;��& *� �+"]&� IK$./K1 #��& ��.+��9 

;"9�i ��/� ?f0b ;��& *� +"]&� ���� �H/0. L8�� 

#��& #$&��*�� 7)�g ;9/H�& ���/
 7& �� 7C"K- 

�' ATP � NADPH *�K	& V�W� +��/) .+
 ;9� 

�.�i �C$� 7� Z+8 +"H/! �+C� A+-�">*�� ���K�H� 

)NADP+( �� ����> �� 7���� ;9� +-�� ���K�H� �� A�"C-: 

X�dK-� 7� �k"]&� ��+.� � L8�� +"H/! Q�/-� 7-/>*�� 

X�R1 �k"]&� )ROS( ��.�/
 +"H/! #"� :� +\ 

ROS��� L8�� l".' 7� *����K)�. ��$"�!��i %9I-'*�� 

��
� �A+$$& *��+"v"H *�6b ��H/0. DNA � �� ?9�
- 

P�� X/0. ��+-/
 )Kabiri et al., 2014; Amani 

Machiani et al., 2021(. hj/	R� �6!"2 � `	C! ,-�.� 

�� >"���� �����9 �� ��
9T +8�]��- =�"<� #9�I1� 

��+��9 7& ;9� ��� >"A� �� �d���2� .'"l*�� *�/- :9�� 

� �/4	& H�	K\�� M' ?f1�=� ��+$&. 3j/W=� 

�����9 �� VY) 7	� 3j/W=� :���6&* 7& �� T9��
 

#$! ��6) :� �f- H/!"+ 7�+F ��"��+$$ ;�	� ?.� 

�� �9; Q�c�� H/!"+ ��/� 
"	"��9 �"�K6 � �� K-"7C 

��:��� K@���W* �!j��* 7K
�� +$
�� )Morshedloo et 

al., 2017 b(. H/!"+ H/��K�"?*�� /-� 97 ���* ��>:�.* 

>"A� ?4]- 7� 2��/8 +8�]��- � #$! ��* =�"T >+-:� 

3�/F 7K1�> � 7� 7HI$� 7� ��& ���K1� 9^ Q/- �O9�� 

8�1�� �� *�K.�� ���	K.� X��R! H�R1"?*�� \"!�� 7� 

M�]\ ��9'+. 08� %b� �9; 7& �"��I ,-�.� _/C-:�� 

�� #$! %9Y� ?4]- 7� +��
 �I1�9# 97K1� ?.� H�� 

�"��I ,-�.� H/!"+ A+
 �� #$! T./K� � +
9+ ?4]- 

7� #$! %9Y� #��& i"�+ ��&. :9�� �� #$!*�� 

+
9�!+ >"A� �"�K6 ��/� IK$./K1* H/!"+A+
 �� *�C� 

+
� 7� H/!"+ &�!"l *�� f$!"% A+$$& I	.�* :� 70	O 

H��i"�; 0>"]"; e�K�"; � &�!"3�4 +$@* +$-�� �:��&�. 

�/K&��1 � ��K&��1�� ("WU! ��+�� �! :� �9; �n9q 

��
9T Z:j ���* �d�* \"3� >"A� �� #$!*�� +
9�!+ 

%���1 �/
 )Morshedloo et al., 2017 a.( #9�I1� +F�� 

,-�.� �� #$! %9Y� �� ����/! ;9� 7-/> p"c/! ��� 7& 

�� #��& p<. �P�� %&��!*�� A+b*�� p
�! A+$$& 

,-�.� � `	C! ,-�.� �� +\�� ?1�� P�� #9�I1� �� -

.+��9 �� #9�I1� #$! %&���' IK$./"� l"&�!*�� 79/-�  

#��& ��+��9 7& �� 7C"K- �' *�/K=� ,-�.� ?=! 

�" J! ���@ ����"> )Amani Machiani et al., 2021(. �� 

7RH�<�*� 7& *�� %9���0> )Salvia officinalis L.( 

?=! T9��
 #$! %&��' Z�C-� ?1�> (U6� +9��> 

7& ;9�K6"� � ;9�K	& ��I"� +F�� ,-�.� 7� l"!�! �� 

*��"�' X���- � #$! T./K� ?.+� +�' )Bettaieb et 

al., 2009.( �� 7RH�<�*� �B9� �� ���9:�� s/<. m0KU� 

#$! %&��' )100� 75� 50 � 25 +F�� ?"1�t (�8��: 

*�� Q�$R- �0E01 )Mentha piperita L.( _��I> +
 7& 

�� #9�I1� #$! %&���' p<. �P�� ��+R! P�� � �:� 

^6) P�� #��& ?1�9 �H� +F�� ,-�.� �� #9�I1� 

#$! %&��' #9�I1� ?1�9 7�9�/<� ;9�K6"� ��I"� 

+F�� ,-�.� �� #$! %&��' 25 +F�� ?"1�t �8��: 

A+��6� +9��> 7& 3��E! �$R�*��� �� 50 +F�� ?"1�t 

�8��: ?
�+- )Rahimi et al., 2018.(   

  

�� ����� !� ���"  

w9�K- 79IC! ,-�9��� ��6- ��� 7& � � #$! %&��' �� 

()�
 *�� ,-�.�/01 2"1��0& :2��
 ,-�.�/01 

�r&�+\ )Fm�( ,-�.�/01 �"DK� )Fv( � �9���& ��/K-�/& 

�9�"	"
/K1�"b %"f$! A+6- %K]"./K1 II ))NO(Y( �� 

p<. X�	K\� ^9 +F�� �$R���� +9��> �H�\�� 7& 

3�� � #$! %&��' �� ,-�.�/01 2@�+\ )F0�( ���&�9 

�/K-�/&� 
/K1"	"��9 � /� ./K1"%K]Y (II)) II�( 

�r&�+\ �9���& �9�"	"
/K1 %K]"./K1 II )Fv/Fm( � 



   Z/08�-�4b�� ���9���� �� 53��	
 �� 1 � ��
�1401  67 

 
?"H�R1 ,�0v	& 79IC! A+$$& M' )Fv/Fo( �$R� ��� �/4- 

X�+O) 3.(  

  
9�:#& ����;�$�3 ��
 �5�3�
�" ��
��"  ����

 93,���3 II )NO(Y  

 ��%& #$! #9�I1� ��/K-�/& �9���& ��'

%"f$! �9�"	"
/K1�"b  %K]"./K1 A+6-II )NO(Y 

) ;9�K6"� 7�9�/<� ��& �+"i #9�I1�34/0 ;9�K	& � (

)28/0 *��"�' � +9+
 #$! �� l"!�! 7� �' ��I"� (

 X�+O) +9��> +��6� X���-4 .(]�"��* /- :�9��>+$] 

A��& ��"� +-� ���K����i* �0& ,-�.�/011�"2 ���* 

F/!"m > �.�i"���� #$! Q�/-� 7� *�� =�"<� 

�� �����&�i ) +
��Baker & Rosenqvist, 2004; 

Ouni et al., 2016; Pollastrini et al., 2016( .

��  �� ��/!A:�+-� >"�* 1��0& ,-�.�/01"2 �"��I 

 2	=!9� *��>:�. >"A� 7� ��
9T #$!�<"=� *�:  ��

	U!"; ) �:Kalaji et al., 2016.(  

IK$./K1 ���0	8* >"���� #$! ?=! *�� :9K]� 

 �K]9:�"b �:� hj/	R� q9�n Fv/Fm :��9��� ��  �/


: 3�8Yn� �9��*  ��/� ��Y(NO) - a�K.� ��"?] .

D!""3��  ��Y(NO)  2	���9���K����i ��+
��  :� 7&

�/K-�/& ���0	8 �f-�  %K]"./K1II +4! ��92 G�-�* 


/K1"	"�� �9 Y(II) ?&�
 ���- .+ ;9� ;"$S	�

 ?t�E\ %K]". 7� u/��� �1Y!� +$9'�1 ^9 �K����i

�� *�/- �� T4!�� �"b *�IO� �9�. 7� u/��� 7& +
��

 �+
 X�R1 �"b lO/� � ?.� *�/- ?t�E\

 %K]"./K1II �� ��6) #$! T9��
 ?=! .���>

%]"-��� ?.� ;�	� +9+
 A+$$& ?f1�=� *��

 2	8 ��/) 7� ���">+$$�- )Shin et al., 2021 .(�9; 

�K����i �� !�8Yn�� G�-� ��/� ��* �/-*  A+
 MNO ��

� 7e���� ��$ .+Y(NO)  2��
6U�� G�-� :�* �/-* 

 7& ?.� 7�%"dK]��"b �/n  ���> 3�/F 7� 2"H� 7�

 %K]"./K1 �6$&�� I&��� ��/� 7K]�II �� ;"� :�  .���

 #9�I1� ��+d�Y(NO)  ��6- 7& ?.� ;9� A+$��%� 

+4!92 G�-�* 
/K1"	"��9 -��� %� �"%] ��* 

!��f-� [1�=� )Non-photochemical quenching-

NPQ( +�'��&�- ��+$
�� > �"��7K1�> ���@ ��  ��

 ��R���K]9: �"b #$! ��g� .'"l 1"I9��  ��

 #$&�� I&���PSII �� /
- +)Klughammer & 

Schreiber, 2008 �6��ki �� .( s/<. �.��� ��

%& #$! m0KU�) /��& *�� ��'Lactuca sativa 

L. ��I"� ;9�K6"� 7& +-��& _��I> (Y(NO)  ��

%& #$!) +�' ?.+� +9+
 ��'Shin et al., 2021 .(

 s/<. � ��6) #$! �.��� �� �B9� �6��ki ��

) ��/$9G *�� +".� ^9I]�' m0KU�Gynura 

cusimbua"� ;9�K6"� 7& +-��& _��I> ( ��I

Y(NO) X/0=� ��+� � ��6) #$! �� �
�i

) +�' ?.+� +".� ^9I]�'Cai & Feng, 2020 .(  

  
X�+O 3 .w9�K- 79IC! ,-�9��� � � #$! %&��' �� ()�
 *�� ,-�.�/01 2"1��0& _/C-:�� �9��9��'.  

Table 3. Results of variance analysis effect of water stress on chlorophyll fluorescence indices of American oregano. 
  Mean of squares 

Source of variation df Y(II) Y(NO) Fv/Fo Fv/Fm Fv Fo Fm 
Water stress 3 0.0002ns 0.001** 0.12ns 0.0009ns 0.43** 0.029ns 0.22** 
Erorr 8 0.00006 0.00001 0.05 0.0008 0.0 0.009 0.0 
Coefficient of variation (%)  1.14 1.17 9.81 4.22 0.09 10.05 0.04 

 � **ns :7�  l"!�! 3��E!�$R�  p<. �� ���1  � �/4-�$R� 3��E!                .��� 
  **, ns: Significantly difference at 1% level of probability and non-significantly difference, respectively. 

  

X�+O 4 .7]9�d� ;"B-�"� � � #$! %&��' �� ()�
 *�� ,-�.�/01 2"1��0& _/C-:�� �9��9��'.  
Table 4. Means comparison effect of chlorophyll fluorescence indices of American oregano. 

Chlorophyll fluorescence indices 
Water stress Y(NO) FV Fm 

I1 0.28c 1.73d 3.4a 
I2 0.3b 2.27c 3.3b 
I3 0.31b 2.63a 2.92c 
I4 0.34a 2.40b 2.83d 

I1+��
 :  �(�8��: ?"1�t)I2#$! :%&) %9Y� ��'75  �(�8��: ?"1�t +F��I3#$! : %&) T./K� ��'55  � (�8��: ?"1�t +F��I4#$! :%&) +9+
 ��'35 
.(�8��: ?"1�t +F��  

 �/K. �� ��;"B-�"��$R� 3��E! +F�� w$i X�	K\� p<. �� ;�-�� �/�:' a�.��� �+$K]� x�K6� V��\ *���� 7& �9�����+- *���.  

I1: Control (Field moisture capacity), I2: Mild water stress (75% Field moisture capacity), I3: Moderate water stress (55% Field moisture capacity), I4: 
Severe water stress (35% Field moisture capacity). 
Means in each column followed by similar letter(s) are not significantly difference at 5% probability level using Duncan test. 
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Movahhed et al., 2017.( #9�I1� �� ��+d� ,-�.�/01 

2@�+\ � #��& �� ,-�.�/01 ��r&�+\ ?"H�R1 

%K]"./K1 II �� 2KU� ��.+$& ?1� ,-�.�/01 �r&�+\ 

)Fm( ;�	� ?.� �� #��& ?"H�R1 ,�0v	& %9I-' 

79IC!A+$$& M' � 7)�g X�dK-� ���K�H� �� ���� �9 

V��n� %K]"./K1 II T4!�� +
�� )Chaves et al., 

2009.( �� �6��ki �� �.��� �� 7-/>�9: _/C-�� 

)Origanum vulgare subspecies: subsp. hirtum and 

subsp. gracile( ?=! T9��
 #$! ��6) _��I> 

+-��& 7& ;9�K6"� � ;9�K	& ��I"� ,-�.�/01 �r&�+\ 

�� �9: 7-/> gracile 7� l"!�! �� #$! T./K� � +9+
 

� �� �9: 7-/> hirtum 7� l"!�! �� *��"�' X���- � #$! 

%9Y� ?.+� +�' )Emrahi et al., 2021.(  

  

%�	�"�& ����
  

�� a�.� I"H�-' �1��>/!����& *:�> 38 &�!l" �� ,-�.� 

_/C-:�� �9��9��' �9�.�$
 +
 X�+O) 5.( 7� �/f$� 

I"H�-' �*���' ,-�.�*�"> �� �� ^9 :� s/<. #$! :� 
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7. ����! 3�/F ?1�9Ni � ;"$S	� *��� �9�.�$
 

3�4"&�! ,-�.� I"- �� 7. ����! 7� A�BK.� GC q9�I! � 

;"B-�"� 7. ����! �� X�+O 5 7e��� A+
 .?.� 3�4"&�! 

A+	8 �2��
 germacrene D� γ-terpinene� (Z)-β-

ocimene� sabinene� (E)-β-ocimene � (E)-

caryophyllene .+-�/� ;9�K6"� ��I"� γ-terpinene  � 

(E)-caryophyllene �� #$! %9Y� A+��6� +9��> 7& 

?4]- 7� ��	"! +��
 7� l"!�! 1/344 � 28/14 +F�� 

#9�I1� .?1�9 ;"$S	� ;9�K6"� ��I"� Sabinene �� 

#$! %&��' T./K� ?.+� +�' 7& ?4]- 7� #$!  

�%9Y� +9+
 � *��"�' X���- 7� l"!�! 6/87� 6/36 � 

6/61 +F�� #9�I1� .?1�9 A�Y8 ;9��� ;9�K6"� ��I"� 

germacrene D�  (Z)-β-ocimene، (E)-β-ocimene �� 

T9��
 ��+� #$! %&��' +��6� .+9��> ��I"� l"&�! 

germacrene D ?=! T9��
 #$! �%9Y� T./K� � 

+9+
 7� l"!�! 37/19� 62/20 � 94/19 +F�� �/� 7& 

^9 +-�� �C9�+! �� #9�I1� � #��& �� �9��d� A+��6� 

.+9��> ��I"� 3�4"&�! )3-octanol� linalool� 

spathulenol � shyobunol( �� ,-�.� 7-/	- *�� ��/� 

#9��:' ?=! s/<. m0KU� #$! %& ��' ��+� �""D! 

+-�/�. ,-�.��� &�!"!�4� �� �:� H/�H/�� &�% #d- 

	
�� �� R!""; &"E"? >"���� �����9 � �<R� �� A+
8 

+-���. ?4]- ^9 l"&�! ��) �9 ����> :� 3�4"&�! 7� 

����> �B9� �� ?"E"& ,-�.� ;9� ����"> ��N>�" J! 

��.+
�� 7g�>� ?"H/��K�*�� 79/-�  �/O/� �� ,-�.� 

����"> �9���� T./! �"!/-G*�� ���"> X�K$& 

�� �+-/
 ��� IK$./"� �'�� 7� 3+
 T./! 2��/8 

�<"=� X�K$& ��.�/
 �� � � #$! %& ��' +9+
 2"H+� 

2KU� �+
 7)�g �;9/H�& +$9'�1 #9�]&� � #��& 

�&� ?-j�� NADP+ 7� ��/$8 A+-�9Ni ���K�H� �� 

A�"C-: �X�dK-� #��& ��+��9 �� 7C"K- �9��d� *��9: H+ 

� NADPH �� X/0. `	C! �+"i A��& � ?4]- H+ � 

NADPH 7� NADP+ #9�I1� ���+��9 �� 7���� ;9� +-�� 

7� 2"H� m@/! 7)�g ;9/H�& ��+d� NADPH #"� :� +\ 

#��& ��.+��9 �� ?9�
- ���K�H� �� A�"C-: X�dK-� 7� 

�k"]&� A+".� � L8�� +"H/! Q�/-� 7-/>*�� X�R1 

�k"]&� �� �/
 )Amani Machiani et al., 2021.( H+ 

� NADPH �1�c� �� �X/0. �� IK$./"� 3�4"&�! 79/-�  

2r� X/$1��� ���+"e/$i�! ���+"e/H��H' *��+9:/�"0> 

^9G/-�". � 3j/$9:/&/0> 7& 7� ��/$8 ^9 %]"-��� 

�8�1� +F�� � 3�9/K=� ,-�.� �� �� ����"> �<R� 

?=! �" J! ���@ ���+$�� ��/� A��EK.� ���@ ��+-�"> 

)Morshedloo et al., 2017b.( $g"; �f$� ���+. H�"2 

�I1�9# �)�� &�!"3�4 lH�b ,-�.� _/C-:�� �� #$! -

*�� Y�9% � T./K� )Sabinene� γ-terpinene�(E)-

caryophyllene( WU!"( �"�K6 &;��*�� 4r!"? A+
 

n� '�19+$ IK$./K1 7� H/!"+ H/��K�"?*�� /-� 97 ��+
�� 

7& n� �9; '�19+$ �"��I ?���d� >"���� �� ����� 

#$! ��* =�"<� :� �n9q #��& 3��]) 7-/>*�� 

X�R1 ]&�"�k �I1�9# ��.+��9 :�  �9�C-'7& ,-�.��� 

�!�4"&�! *+"e/$i�! A�/� � *��+\�� A+-:�. �
-' 

)��+"e/-�i�I9�( +$-�� 2"$K$i�I9� 3�E]1��"i � *� 2"K� 

2"H' �3�E]1��"i :�"- 7� "&�!!�4� :� 4@"2 ATP � 

NADPH .+-��� �� 7O/! 7� ;9� Q/c/� 7& �/�\ 

*�F�$8 �"f- �G��K"- � �E]1 *��� 2"�6! "&�!3�4 

A��4��- A+
 *���c �� +
�� )Ormeno & Fernandez, 

2012.( �� #��& ?�/n� �x�) x�=! �F�$8 �9�Nb 

Ak9/� �E]1 � �9�. �F�$8 �9�Nb �K	& A+
 � �� 7C"K- 

�.�K.� A�"> 7� `��$� �9�Nb #��& +��/) ?1�9. ��9: 

�F�$8 x�=K��"b :� 2"4@ �E]1 �� T9��
 ��6) 7� 

3��y a� �/O/� �� x�) A+"4]g � 7� ��I"� *�K	& 

�� ��"K)� 769� ���@ �� ��">. �;9����$� �� T9��
 #$! 

��6) +9+
 MNO �F�$8 �9�Nb #��& �+"i ��+$& � 

7� `4! �' +
� �A�"> ?"	& � ?"E"& ,-�.� ?=! �" �! 

���@ +��/) ?1�> )Amani Machiani et al., 2021.( �� 

�6��ki �� �.��� s/<. m0KU� #$! %&��' *�� 

%9���0> )Salvia officinalis L.�( _��I> +
 7& #$! 

%&��' T./K� )�'"��* ,i :� 60 +F�� �r&�+\ 0U!"7 

:�C� K�/n�(� �C$� 7� #9�I1� +F�� � ���0	8 ,-�.� 

?4]- 7� +��
 .+9��> ;"$S	� ;9�K6"� ��I"� �EH' 

�;O/! 1�8 X/�$". � �/E��& �� #$! %& ��' T./K� 

?.+� +�' Govahi et al., 2015).( �� �6��ki �B9� 7& 

*�� _/C-:�� �� �9: 7-/>* vulgare Z�C-� A+
 �/� 

(U6� +9��> 7& 3�4"&�! thymol� carvacrol�  p-

cymene � γ-terpinene �IO 3�4"&�! lH�b ,-�.� 

+-�/� � :� ;9� ;"� 3/58 +F�� u/��� 7� thymol �/� 
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)Sarikurkcu et al., 2015.( ;"$S	� �� �6��ki �B9� 

*�� �9: 7-/> vulgare _��I> +
 7& 3�4"&�! thymol،  

carvacrol� p-cymene� γ-terpinene� cis-α-bisabolene 

� eucalyptol �IO 3�4"&�! lH�b ,-�.� +-�/� 

)Vazirian et al., 2014.( ;"$S	� �� 7RH�<� *�B9� 

_��I> +
 7& 3�4"&�! caryophyllene� spathulenol� 

germacrene-D� α-terpineol � α-caryophyllene �IO 

3�4"&�! lH�b ,-�.� �� 7-/>�9: ��/� 7RH�<� +-�/� 

)Şahin et al., 2004.( A�Y8 �� ;9� �� 7RH�<�*� 7& *�� 

�� 7-/> _/C-:�� )Origanum vulgare subsp. 

gracile �Origanum vulgare subsp. virens( ?=! 

��
9T #$! %&�'� Z�C-� �+
 (U6� +
 7& 3��E! -

�9�� �� 3�4"&�! ,-�.� �� 7-/>�9: �/O� ?
�� 

7�9�/<� �� T9��
 #$! %&��' �� �9: 7-/> O. vulgare 

subsp. Virens l"&�! (Z)-α-bisabolene �� 64/42 

+F�� � �� �9: 7-/>   O. vulgare subsp. gracile 

l"&�! carvacrol �� 07/52 +F�� �IO 3�4"&�! lH�b 

,-�.� +-�/� 7& ;"� s/<. m0KU� #$! %&��' 

3��EK� �/� )Morshedloo et al., 2017b.( 3�RH�<� 

�+RK� *�� 7-/>�9:*�� _/C-:�� ��6- ��+�� 7& 

3��E!*�� A+��6� A+
 �� ?"E"& �3�4"&�! 7� T9��
 

M' � ��9�/� 3�WU6� �9�"1��DO 2=� `	O'*�� 7-/	- 

� 7� �9�. *���/K&�1 ��9G/H/&� � ��"K-G �BK]� ���� 

)Sarikurkcu et al., 2015.(   

  

X�+O 5. 3��""D! �E"& 3�4"&�! �9�"	"
 ,-�.� _/C-:�� ?=! �" J! s/<. m0KU� #$! %&��'.  
Table 5. Proportion (%) changes of essential oil components in O. vulgare subsp. vulgare under different water stress levels. 

I4 I3 I2 I1 RI LIT RI Components No 
0.39 0.05 0.09 0.07 899 900 n-Nonane 1 
0.11 0.17 0.65 0.19 923 924 α-Thujene 2 
0.21 0.41 0.56 0.31 929 932 α-Pinene 3 
0.01 0.01 0.01 0.01 950 946 Camphene 4 

13.32 18.20 9.70 11.26 966 969 Sabinene 5 

0.20 0.07 0.03 0.05 972 974 β-Pinene 6 
0.01 0.01 0.01 0.01 975 974 1-Octen-3-ol 7 
0.72 0.25 0.56 0.55 983 979 3-Octanone 8 
2.36 2.04 2.09 1.96 988 988 Myrcene 9 
0.01 0.01 0.01 0.01 993 988 3-Octanol 10 
4.43 1.50 0.66 0.90 998 1000 n-Decane 11 
0.01 0.01 0.01 0.34 1002 1004 α-Phellandrene 12 
0.30 0.47 0.93 0.72 1013 1014 α-Terpinene 13 
0.33 0.01 0.97 0.38 1022 1022 P-Cymene 14 
0.01 0.01 0.15 0.46 1025 1025 β-Phellandrene 15 

13.72 15.35 13.74 16.21 1036 1032 (Z)-β-Ocimene 16 

4.84 5.08 3.18 10.14 1044 1045 (E)-β-Ocimene 17 

1.46 2.01 16.79 3.78 1055 1054 γ-Terpinene 18 

0.01 0.01 0.01 0.05 1063 1065 Cis-Sabinene hydrate 19 
0.01 0.01 0.18 0.24 1094 1098 Trans-Sabinene hydrate 20 
0.01 0.01 0.01 0.01 1098 1095 Linalool 21 
1.37 0.44 0.89 0.29 1173 1174 Terpinen-4-ol 22 
0.01 0.07 0.36 0.05 1242 1237 Carvacrol methyl ether 23 
0.01 0.04 0.01 0.01 1291 1289 Thymol 24 
3.13 1.92 2.61 0.01 1304 1298 Carvacrol 25 
0.51 0.61 0.15 0.51 1362 1370 Carvacrol acetate 26 
7.92 5.89 9.92 8.68 1414 1417 (E)-Caryophyllene 27 

0.85 0.90 0.92 0.97 1445 1478 γ-Muurolene 28 
5.83 4.56 2.19 0.14 1475 1452 α-Humulene 29 

19.94 20.62 19.37 23.17 1491 1482 Germacrene D 30 

5.18 5.19 2.20 4.11 1491 1500 Bicyclogermacrene 31 
0.14 0.07 0.03 0.28 1505 1505 β-Bisabolene 32 
0.01 0.01 0.01 0.01 1568 1577 Spathulenol 33 
1.24 0.65 0.31 0.67 1575 1582 Caryophyllene oxide 34 
0.01 0.01 0.01 0.01 607 1688 Shyobunol 35 
86.6 89.3 86.7 88.6   Total Indentified (%) 

I1: +��
 ?"1�t) �(�8��: I2: #$! %&��' %9Y� )75 +F�� ?"1�t �(�8��: I3: #$! %&��' T./K� )55 +F�� ?"1�t (�8��: � I4: #$! %&��' +9+
 )35 

+F�� ?"1�t .(�8��:  

 �/K. �� �<) *���:�� ()�
HP-5 MS ���H' X���- :� A��EK.� �� *��C8-C40 +
 74.�=�.  
I1: Control (Field moisture capacity), I2: Mild water stress (75% Field moisture capacity), I3: Moderate water stress (55% Field moisture capacity), I4: 
Severe water stress (35% Field moisture capacity). 
 RI: retention indices as determined on a HP-5 MS capillary column using a homologous series of n-alkanes (C8–C40) 
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 ;"$S	�A��� ��6- 3�RH�<� lH�b 3�4"&�! 7& +-�

 7K]� _/C-:�� ,-�.� ��"]� �9�!/	& Q/- � 7-/>�9: 7�

) ?.� �"DK�Morshedloo et al., 2018b 7RH�<� �� .(

Fouad et al. )2015 �(carvacrol   �γ-terpinene 

7�  �9�.�$
 _/C-:�� ,-�.� �0F� 3�4"&�! ��/$8

 .+-+
&"E"? ,-�.� &�! � ,-�.� ��+d� �� h�!+	8"l 

R! ,-�.�""; ��  7K]� �K����i �� �� .�/
!/-G 7�"�  ���

��
9T �/� � M'�9 � �"��I �J!"; ND� ��/�*  X/n ��

7� ?.� ;�	� ?6&
O/! 2��@ �/n� K��"D +$
�� 

)Novak et al., 2003 .(�6) #$!� �I1� L8��9# 

� ,-�.� +F��"�K6 >"���� �����9 � �<R� �� : �/
9�� 

 3�/F ���#$! �"�K6 H/��K�"? > �� ��"���� H/!"+ 

��  � +-/
 ;9�]&� :� ��/�".�+"�/  2)��X/0.  ��

>/0O"�* ��  +$$&)Farahani et al., 2009.(  

  

�A�3� ���� ��"  

�� ;9� 7RH�<� (U6� +9��> 7& ?=! #$! %&��' 

+9+
 �:��^6) ()�
 2"1��0& � ?4]- �:� P�� 

� 2> ;9y' 7� 7@�. �� A�"> _/C-:�� #��& .?1�9 

;"$S	� ��I"� ,-�.� �! #$! %9Y� #9�I1� � ,i :� 

�' �� #9�I1� T9��
 #$! %&��' ��I"� ,-�.� I"- 

#��& .?1�9 A�Y8 �� �;9� ���K����i* ,-�.�/01 

1��0&"2 7��/n 2��@ 
O/!� ?=!  J!"� #$! %& ��' 

���@ +$K1�> 7& �B-�"� ?".�]\ ;9� 7-/>�9: 7� #$! 

%&��' +9+
 ��+
�� � 7"F/! ?6& ;9� 7-/>�9: �� 

�dn�$� �� *��"�' �T./K� l.�$� ��.+
�� w9�K- 

I"H�-' 3�4"&�! ,-�.� ��6- ��� 7& 3�4"&�! 

germacrene D� (Z)-β-ocimene� Sabinene�  γ-

terpinene � (E)-β-ocimene :� A+	8 ;9�! 3�4"&�! 

2"�6! A+$�� ,-�.� ;9� 7-/>�9: .+-�/� w9�K- ;9� 

7RH�<� ��6- ��� 7& �� 7g #$! %&��' #9�I1� ?1�9 

A��� ^6) ���"> #��& �+"i ���& �H� �� #9�I1� 

��I"� �)�� :� 3�4"&�! ,-�.� :� 70	O γ-terpinene� 

(E)-caryophyllene � sabinene A��	� .�/� ;9����$� 

����/! :� #$! %&��' *��� #9�I1� ;9� 7-/> :� 

3�4"&�! ,-�.� A��EK.� .��&  
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